The NS protein of vesicular stomatitis virus is the only phosphorylated nucleocapsid protein. The amount of NS phosphorylation appears to regulate the activity of the protein in the transcription of the virus genome. Several methods have been used to separate NS subspecies containing different amounts of phosphate, but-the relationships among the subspecies separated by different workers have been unclear. We report that the isoelectric points of NS molecules were abnormally acidic in some commercial ampholytes, but favorable ampholytes resolved multiple phosphorylated NS subspecies with isoelectric points ranging from pH 6.8 to 7.2. The most highly phosphorylated NS molecules had more acidic isoelectric points, and they exhibited greater electrophoretic mobilities in two previously employed electrophoretic systems.
The NS protein of vesicular stomatitis virus is the only phosphorylated nucleocapsid protein. The amount of NS phosphorylation appears to regulate the activity of the protein in the transcription of the virus genome. Several methods have been used to separate NS subspecies containing different amounts of phosphate, but-the relationships among the subspecies separated by different workers have been unclear. We report that the isoelectric points of NS molecules were abnormally acidic in some commercial ampholytes, but favorable ampholytes resolved multiple phosphorylated NS subspecies with isoelectric points ranging from pH 6.8 to 7.2. The most highly phosphorylated NS molecules had more acidic isoelectric points, and they exhibited greater electrophoretic mobilities in two previously employed electrophoretic systems.
NS is the major phosphorylated protein species in vesicular stomatitis virus (VSV) virions and infected cells. The protein functions in virus-specific RNA synthesis, and a regulatory role of phosphate in the function of the protein has long been suspected (11) . Recently, direct evidence for such a role was obtained by Kingsford and Emerson (7), who separated several forms of NS containing different amounts of phosphate and found that the most highly substituted species are significantly more active in a reconstituted cell-free viral transcription system. Independently, Kingsbury et al. (6) showed that enzymatic dephosphorylation of nucleocapsid-associated NS molecules markedly reduced the rate of in vitro transcription.
The exact number of phosphorylated NS subspecies is not known, but there is potential for a great variety: the deduced amino acid sequence indicates that the commonly phosp4orylated residues, serine and threonine, constitute 33 of the 222 residues in the molecule (4). In attempting to sort out'NS subspecies, different workers have used different separation methods, and the relationships among the fractions obtained have been unclear (1-3, 5, 7, 8) . In addition, one procedure, isoelectric focusing, gave anomalous results: NS molecules containing the most phosphate had the least acidic isoelectric points (5) . Therefore, we systematically compared several of these methods. We' have learned that the isoelectric focusing behavior of the NS becomes rational in appropriate ampholytes and that the separation obtained by isoelectric focusing can be' related logically to the NS subspecies separated by two methods of polyacrylamide gel electrophoresis (3, 7) .
Suspecting that the abnormal isoelectric focusing of NS (6) . Virus proteins were precipitated by 9 volumes of ethanol, collected by centrifugation, and dissolved in 0.1 M Tris-hydrochloride (pH 6.8) containing 5% SDS. Samples were incubated at 60°C for 20 min, cooled to room temperature, and saturated with urea crystals to displace the SDS. We added 2 volumes of isoelectric focusing sample buffer (10) and layered 20-pl portions onto polyacrylamide gels containing a mixture of ampholytes (Table   1) . Other conditions and the procedure for seconddimension electrophoresis are given elsewhere (5, 10) . Although the pH range of the isoelectric focusing was from 8. the other proteins. BAP itself, although not labeled, made its presence known by displacing a group of radioactive N molecules that focused at a slightly more acidic pH than that at which component 3 of the N protein focused (arrowheads, Fig. lB and C) .
A more dramatic example of the effect of a Proportion in polyacrylamide isoelectric focusing gels (Fig. 1 through 3) .
b Lot numbers of Pharmalyte (Pharmacia Fine Chemicals).
enzymatic dephosphorylation is shown in Fig. 2 , which shows a gel in which the second dimension was modified to separate NS molecules into two electrophoretic classes (7). The class that migrated more rapidly in electrophoresis, which we designated NS2 (see below), was converted to the slower class, NS1, by BAP treatment, in agreement with previous findings (6); the converted molecules participated in the shift of the NS1 band to the cathode. [32P]orthophosphate-labeled virions (5) were disrupted with 5% SDS and subjected to isoelectric focusing as described in legend to Fig. 1 . The cylindrical isoelectric focusing gel was cut into 5-mm slices, and each slice was placed in 0.1 M Trishydrochloride (pH 8.0) containing 0.1% SDS and incubated overnight at room temperature. The eluted protein was precipitated with ethanol and subjected to electrophoresis by the method of Clinton et al. (3) (A) or the method of Kingsford and Emerson (7) (B). V, Control sample of radioactive virion proteins not separated by isoelectric focusing; lanes 1 through 6, successive gel slices starting at the cathodic end (the same orientation as in Fig. 1 and 2 ). two electrophoretic systems that separate NS molecules into two classes (3, 7), we sliced an isoelectric focusing gel perpendicular to the pH gradient; then we eluted the proteins and electrophoresed them (Fig. 3) . Radiophosphate labeling was used in this case to enhance the visualization of NS. The electrophoretic components designated NS1 and NS2 by Clinton et al. (3) corresponded to the components designated NS top and NS bottom by Kingsford and Emerson (7) . Isoelectric heterogeneity within each of the two electrophoretic components is clearly shown in Fig. 3A and B. Also, further heterogeneity in the electrophoretic dimension was exhibited by both NS1 and NS top (lanes 2 and 3, Fig. 3A and B) . Since the groups of molecules separated by both of these electrophoretic procedures are the same, the briefer numerical designations of Clinton et The isoelectric focusing patterns shown here indicate that there are many NS subspecies that differ from one another in extent of phosphorylation. This conclusion is supported by previous chromatographic and electrophoretic separations (7) and by phosphopeptide analyses that have identified a large number of phosphorylated sites in the NS population (Hsu and Kingsbury, submitted for publication). Further investigation of the chemical basis of this heterogeneity and its functional consequences should be informative. However, sites that determine the electrophoretic behavior of subclasses NS1 and NS2 occur in two readily distinguished groups of peptides (Hsu and Kingsbury, submitted for publication), and the two subclasses seem to be functionally distinct (6, 7) ; therefore, the electrophoretic separation is not fortuitous and is likely to be useful for many purposes. Effects of phosphorylation and pH on the association of NS protein with vesicular stomatitis virus cores. J. Virol.
